The MET receptor tyrosine kinase has emerged as an important target for the development of novel cancer therapeutics. Activation of MET by mutation or gene amplification has been linked to kidney, gastric, and lung cancers. In other cancers, such as glioblastoma, autocrine activation of MET has been demonstrated. Several classes of ATP-competitive inhibitor have been described, which inhibit MET but also other kinases. Here, we describe SGX523, a novel, ATP-competitive kinase inhibitor remarkable for its exquisite selectivity for MET. SGX523 potently inhibited MET with an IC 50 of 4 nmol/L and is >1,000-fold selective versus the >200-fold selectivity of other protein kinases tested in biochemical assays. Crystallographic study revealed that SGX523 stabilizes MET in a unique inactive conformation that is inaccessible to other protein kinases, suggesting an explanation for the selectivity. SGX523 inhibited MET-mediated signaling, cell proliferation, and cell migration at nanomolar concentrations but had no effect on signaling dependent on other protein kinases, including the closely related RON, even at micromolar concentrations. SGX523 inhibition of MET in vivo was associated with the dose-dependent inhibition of growth of tumor xenografts derived from human glioblastoma and lung and gastric cancers, confirming the dependence of these tumors on MET catalytic activity. Our results show that SGX523 is the most selective inhibitor of MET catalytic activity described to date and is thus a useful tool to investigate the role of MET kinase in cancer without the confounding effects of promiscuous protein kinase inhibition. [Mol Cancer Ther 2009;8(12):3181-90] 
Introduction
Hepatocyte growth factor (HGF) receptor, c-Met, or MET, is the prototypic member of a family of receptor tyrosine kinases unique to deuterostomes (1) . MET orchestrates the complex program of branching morphogenesis, which is critical during embryonic development and tissue repair and for invasive growth in cancer (2) (3) (4) (5) . Activating point mutations in the MET gene are found in hereditary and sporadic forms of papillary renal carcinoma (6) and gene amplification leads to upregulated MET signaling in other tumors, notably in the context of acquired resistance to epidermal growth factor receptor inhibitors in lung cancer (7) . In other malignancies, such as glioblastoma, autocrine activation of MET by HGF has been shown (8) , and MET inhibition is effective in mouse models of glioblastoma (9) (10) (11) (12) . The wealth of evidence linking MET to cancer has motivated efforts, using various strategies, to inhibit MET signaling (5, (9) (10) (11) (12) (13) (14) (15) (16) .
ATP-binding pockets of protein kinases possess the appropriate size and physicochemical properties to accommodate small-molecule inhibitors; consequently, considerable medicinal chemistry effort has been directed at ATP-competitive inhibition of various human protein kinases. Although these endeavors have resulted in several revolutionary new drugs, the high degree of amino acid sequence identity within the ATP-binding clefts of canonical protein kinases, presumably reflecting conservation of the phosphotransfer mechanism, presents a major obstacle to the discovery of highly selective, ATP-competitive kinase inhibitors (17) . Indeed, all currently approved small-molecule protein kinase inhibitor drugs, and most, if not all, cell-permeable inhibitors that have been used to probe kinase function, target multiple enzymes (18, 19) . This promiscuity has often prohibited the incontrovertible assignment of function to a particular kinase activity in physiologic and pathologic processes through the use of ATPcompetitive inhibitors (19) . The catalytic domain of MET exhibits features common to all protein kinases and presents a similar selectivity challenge. Not surprisingly, therefore, where selectivity has been fully evaluated, cell-permeable MET inhibitors have been shown to target multiple kinases (13) (14) (15) (16) . As a consequence, where MET kinase function has been implicated in tumorigenesis through the use of such inhibitors, a role of other kinases cannot be ruled out.
Here, we describe SGX523, a novel, ATP-competitive inhibitor that is exquisitely selective for MET. SGX523 is therefore ideally suited to understand the role of MET catalytic activity in tumorigenesis without the confounding effects of off-target kinase inhibition. We use SGX523 to show that the growth of tumor xenografts derived from human glioblastoma and lung and gastric cancers can be inhibited by blocking the catalytic activity of this single receptor tyrosine kinase. Our data also show that truly selective, ATPcompetitive MET inhibitors can be found and provide a structural rationale for the selectivity.
Materials and Methods

Protein Expression and Purification
Human MET kinase domain (MET-KD; amino acids 1,067-1,378; NP_001120972) and human RON kinase domain (amino acids 1,053-1,370; NP_002483) were cloned into a custom TOPO-adapted pFastBac vector (Invitrogen) with a NH 2 -terminal His 6 tag and TEV protease cleavage site. The mutations Tyr 1212 Phe, Tyr 1252 Phe, and Tyr 1253 Asp were introduced to make MET-KD mut (20) and a Tyr 1248 Leu mutation was introduced to make MET-KD Tyr1248Leu . Recombinant baculovirus was generated with the Bac-to-Bac system (Invitrogen), and after 48 h expression in Sf9 cells, cell pellets were resuspended in 50 mmol/L Tris-HCl (pH 7.7) and 250 mmol/L NaCl with Complete, EDTA-free protease inhibitor cocktail (Roche). After stirring and centrifugation, the supernatant was bound to Ni-NTA agarose (Qiagen), washed with buffer A [50 mmol/L Tris-HCl (pH 7.8), 500 mmol/L NaCl, 10% glycerol, 10 mmol/L imidazole, and 10 mmol/L methionine], and eluted using a step gradient (buffer A containing 50, 200, and 500 mmol/L imidazole, sequentially). The His 6 tag was cleaved overnight at 4°C while dialyzing in buffer A. The resulting sample was passed over a 5 mL IMAC nickel column (Pharmacia) and eluted with an imidazole step gradient followed by gel filtration [HiLoad 16/60 Superdex 200 prep grade equilibrated in 50 mmol/L Tris-HCl (pH 8.5), 150 mmol/L NaCl, 10% glycerol, and 5 mmol/L DTT; Amersham Biosciences]. Protein fractions were combined and concentrated to 10 to 15 mg/mL (Amicon Ultra-15 10,000 Da MWCO). Phosphorylation state was determined by mass spectrometry. Enzyme phosphorylated at three positions, MET-KD(3P), was generated by incubation of MET-KD (1 mg/mL) in 50 mmol/L Tris-HCl (pH 8.5), 150 mmol/L NaCl, 10% glycerol, 5 mmol/L DTT, 2 mmol/L ATP, and 5 mmol/L MgCl 2 at room temperature for 15 min followed by addition of EDTA to 0.1 mol/L and removal of ATP, MgCl 2 , and EDTA with a desalting column.
Kinase Assays Initial rate constants were measured at 21°C in the presence of 100 mmol/L HEPES (pH 7.5), 0.3 mg/mL poly(Glu-Tyr) peptide substrate, 10 mmol/L MgCl 2 , 1 mg/mL bovine serum albumin, 5% DMSO, and 20 nmol/L MET-KD and various concentrations of ATP and SGX523. Total reaction volumes (20 μL) were quenched with 20 μL Kinase-Glo detection buffer following the manufacturer's protocol (Promega). Luminescence was detected in a plate-reading luminometer and the results were analyzed by nonlinear regression.
Crystallization and Structure Determination MET-KD mut with ATP/MgCl 2 (4 and 8 mmol/L final concentration) was crystallized by vapor diffusion (with microseeding) against a reservoir containing 11% isopropanol, 2.5% PEG MME 5K, and 100 mmol/L Bis-Tris (pH 6.2). MET-KD, MET-KD mut , and MET-KD Tyr1248Leu with SGX523 (1 mmol/L) were crystallized with 20% isopropanol, 200 mmol/L ammonium acetate, and 100 mmol/L Tris-HCl (pH 7.5); 25% (v/v) glycerol was used as a cryoprotectant. Diffraction data were collected at the Advanced Photon Light Source (SGX-CAT 31-ID) and processed using Mosflm. Structures were determined and refined using Xfit and ccp4 (21) .
Cell Lines MDCK canine kidney epithelial cells, MDA-MB-453 breast carcinoma, NCI-H441 human lung carcinoma, U87MG human glioblastoma, and A549 human lung carcinoma cell lines were obtained from the American Type Culture Collection. GTL16 human gastric cancer cells were originally supplied by Dr. Giovanni Gaudino (Dipartimento di Scienze Chimiche, Alimentari, Farmaceutiche e Farmacologiche, Università del Piemonte Orientale) and obtained from a collaboration with UroGene. BaF3 cells expressing TPR-MET and TPR-MET Tyr1248Cys were generated as described by Sattler et al. (22) .
Immunoblot Assay GTL16 cells were grown in RPMI (Invitrogen) supplemented with 10% fetal bovine serum. A549, U87MG, and H441 cells were grown in DMEM (Invitrogen) and 10% fetal bovine serum. Cells (1 × 10 6 ) were incubated with various concentrations of SGX523 for 1 h and then treated with lysis buffer (Millipore) plus protease inhibitors (Sigma-Aldrich). Where indicated, 90 ng/mL HGF (USB Corporation) was added for the last 10 min incubation or 150 ng/mL macrophage-stimulating protein (R&D Systems) was added for the last 30 ) followed by a horseradish peroxidase-conjugated secondary antibody (primary and secondary antibodies were obtained from Cell Signaling). The intensity of the phosphorylated bands was quantified (Typhoon imager and software; GE Life Sciences) and IC 50 values were determined by sigmoidal dose-response nonlinear regression analysis (GraphPad Prism 5 Software).
Scatter and Migration Assays
To measure the effect of SGX523 on HGF-induced cell scatter, MDCK cells were plated at 1 × 10 3 per well in a 24-well plate and incubated at 37°C in 5% CO 2 for 1 week in MEM and 10% fetal bovine serum. HGF (90 ng/mL) and various concentrations of SGX523 were added, and the cells were incubated for 18 h (37°C, 5% CO 2 humidified incubator) and visualized. To investigate cell migration, A549 cells were plated in 12-well plates (6 × 10 4 per well) and incubated to confluence. A channel was introduced into the monolayers by scratching with a pipette tip. Various dilutions of compound were added in starve medium in the presence and absence of HGF (90 ng/mL). Twenty-four hours later, wells were checked for cell migration. Cells were stained and visualized as described (13) .
In vivo Studies Female Harlan nude mice (athymic nu/nu; Harlan Laboratories) were s.c. implanted with GTL16, U87, or H441 cells. When tumors had reached ∼150 mm 3 , SGX523 was administered at various dose regimens by oral gavage. Intratumoral inhibition of MET signaling was determined by measuring average levels of phospho-MET in GTL16 tumors at various time points after the last dose by Western blot analysis. In vivo experiments were conducted at Explora BioLabs in accordance with the requirements for the procurement, housing, care, and use of animals as set forth in the NIH Guide for the Care and Use of Laboratory Animals in Research (revised 1996), the U.S. Department of Agriculture, and the Animal Welfare Act (Public Law: 89-544, 91-579, 91-279 9 CFR parts 1-3). Fig. 1A . Enzymatic studies showed that SGX523 potently inhibits the purified MET catalytic domain but not the closely related receptor tyrosine kinase RON (Table 1) . SGX523 showed ATP-competitive inhibition ( Table 1 ], a phenomenon consistent with preferential binding to an inactive enzyme conformation.
Results
SGX523 Is an ATP-Competitive Inhibitor of MET
The structure of SGX523 (6-[6-(1-methyl-1H-pyrazol-4-yl)- [1,2,4]triazolo-[4,3-b]pyridazin-3-ylsulfanyl]quinoline) is shown in
SGX523 Is Exquisitely Selective for MET
To determine the kinase selectivity profile of SGX523, the compound was assayed against 213 protein kinases, including wild-type and mutant (Met Table S1 ). No significant enzyme inhibition was observed, even at compound concentrations up to ≥7 μmol/L. Therefore, SGX523 exhibits >3 orders of magnitude selectivity for MET versus approximately half of all catalytically competent human protein kinases and three quarters of all human protein tyrosine kinases. NOTE: MET-KD is purified from baculovirus as an unphosphorylated enzyme, MET-KD(0P), which is more sensitive to inhibition than the autoactivated form phosphorylated at three sites, MET-KD(3P), as described in Materials and Methods.
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To quantify and compare the selectivity profiles of different kinase inhibitors, Karaman et al. (18) developed a "Selectivity Score" parameter. Previously, lapatinib was the most selective kinase inhibitor described (score = 0.01). For SGX523, the Karaman score = 0.005, making it by far the most selective small-molecule inhibitor of MET and, in fact, more selective than all other ATP-competitive kinase inhibitors for which selectivity profiles across comparably large, diverse enzyme panels have been published.
SGX523 Stabilizes a Unique, Inactive Conformation of the MET Catalytic Domain
X-ray crystallographic study of SGX523 bound to the catalytic domain of MET at 1.8 Å resolution verified that the inhibitor does indeed bind to the ATP site of an inactive conformation ( Fig. 2A-D) . The two bicyclic ring systems of SGX523 define two distinct, orthogonal binding elements. The quinoline moiety engages the MET hinge region with a single canonical hydrogen bond between the quinoline nitrogen and backbone carbonyl of Met 1178 and a nonclassic C-H-O=C hydrogen bond between quinoline C8 and the carbonyl oxygen of Pro 1176 (Fig. 2D) . Thus, interactions made by the quinoline moiety closely resemble interactions formed by other ATP-competitive kinase inhibitors at the "hinge region" (23) and do not explain the observed selectivity. The triazolopyridazine ring system, on the other hand, is pinioned between the hydrophobic side chains of Met 1229 and Tyr 1248 stabilizing a highly unusual activation loop trajectory and an enzyme conformation not observed in any protein kinase structure in the Protein Data Bank besides MET. Further stabilizing this binding mode, the triazolopyridazine moiety of the inhibitor forms a classic hydrogen bond to Asp 1240 and two nonclassic C-H-O=C hydrogen bonds can be identified in a bifurcated interaction where the triazolopyridazine C-H and a pyrazole C-H both traject toward the carbonyl oxygen of Arg 1226 (Fig. 2C) . SGX523 is unusual in that, despite showing higher affinity for unphosphorylated enzyme, it stabilizes a "DFG-in" conformation normally observed for inhibitors that bind an active conformation and do not discriminate between phosphorylated and unphosphorylated kinases (23) . Nevertheless, the activation loop conformation stabilized by SGX523 is quite distinct from that seen in the active conformation of other protein kinases. Because there is no published structure of MET in its active conformation, we determined the structure of the MET:Mg
2+
:ATP ternary complex to compare the active conformation to the SGX523-bound form ( Supplementary  Fig. S2A ). Tyr 1248 of the activation loop moves >14 Å on binding SGX523 to occupy the location of the triphosphate moiety of ATP in the ternary complex, a conformation clearly incompatible with phosphotransfer and thus "inactive."
Tyr 1248 Is Essential for the High-Affinity Binding of SGX523 to MET
The π-π interaction between Tyr 1248 and the triazolopyridazine ring system of the inhibitor likely plays a critical role in stabilizing the unusual activation loop contortion. RON, the nearest neighbor of MET in the kinome (24) , possesses a Leu in the position equivalent to Tyr 1248 and is not significantly inhibited by SGX523 at concentrations up to 10 μmol/L ( inhibition by SGX523 in purified enzyme (Table 1) and cellbased assays (IC 50 > 10 μmol/L; see below). Determination of an X-ray crystal structure of SGX523, at millimolar concentration, bound to the Tyr 1248 Leu form of MET revealed that, while hinge binding of SGX523 is preserved, the activation loop adopts a completely disordered conformation with no detectable electron density for Leu 1248 . These data show that Tyr 1248 is essential for the high-affinity interaction of SGX523 with the MET-KD.
No Other Human Protein Kinase Shares the MET Active Site Features Required for SGX523 Binding
To further understand the origin of the selectivity of SGX523, we performed a bioinformatic analysis of all human protein kinases. First, we identified all residues within 4.5 Å of SGX523 (Fig. 2B) . Three of these 16 contact residues, Arg 1226 and Asn 1227 , from the catalytic loop, and Asp 1240 , the first residue of the "DFG" signature motif, are highly conserved among protein tyrosine kinases and are therefore unlikely to account for the selectivity of SGX523. Of the remaining 13 contact residues, the energetic importance of Tyr 1248 was described above and we reasoned that any other protein kinase susceptible to SGX523 inhibition would possess an aromatic residue at the equivalent position. Forty-nine other human protein kinases possess either tyrosine (27 examples) or another aromatic residue (Phe, His, or Trp; 22 examples). We examined these 49 enzyme sequences for additional similarity among the other 12 SGX523 contact residues. No other protein kinase shares precisely the same constellation of 13 side chains comprising the MET active site ( Table 2) . RON differs only at one position, with a leucine at the side chain equivalent to Tyr 1248 , and is insensitive to inhibition as described above. AXL, MER, and TYRO3 share 9 of the 13 side chains and are the next most closely related enzymes (24) . We computed homology models for each of these AXL family members using our structure of the SGX523-bound form of MET as a modeling template. In all three cases, and in most of the 27 protein tyrosine kinases listed in Table 2 , the side chain equivalent to Ala 1244 of MET is bulkier than alanine. The additional space occupied by the serine hydroxyl of AXL, MER, and TYRO3 versus Ala 1244 appears incompatible with SGX523 binding. Similar analyses of all 46 other protein kinases sharing an aromatic residue analogous to Tyr 1248 revealed likely steric incompatibility with the mode of SGX523 binding observed for MET. With the sole exception of MET, we have documented that >200 protein kinases are not sensitive to SGX523 inhibition. Our bioinformatics analysis suggests that the remaining members of the human protein kinome are similarly insensitive to SGX523 inhibition.
We also compared the shape of the SGX523 binding pocket in MET to the shapes of binding pockets identified in other structurally characterized protein kinase/inhibitor complexes. We examined all protein kinase structures found in the Protein Data Bank that exhibit inactive conformations (25) and compared them to the MET:SGX523 structure. We found that the MET:SGX523 binding pocket shape is distinct from all other non-MET protein kinase cocrystal structures in the Protein Data Bank, including structures of other inhibitors that stabilize DFG-in conformations, such as erlotinib ( Supplementary Fig. S2B ). Thus, to accommodate SGX523, MET uniquely combines a DFG-in conformation with a highly unusual activation loop contortion.
SGX523 Inhibits MET, but not Other Kinases, in Cells
The exquisite selectivity of SGX523 suggests that it should inhibit MET-dependent cellular functions without affecting other signal transduction pathways. To first show that SGX523 could directly inhibit MET catalytic activity in cells, BaF3 murine pro-B cells were transfected with TPR-MET, which encodes a constitutively active fusion protein (22, 26, 27) , and with a version of TPR-MET substituted at the position equivalent to Tyr 1248 to mimic the naturally occurring oncogenic form TPR-MET Tyr1248Cys (28-30), which should not bind SGX523. BaF3 cells expressing either form of TPR-MET showed high levels of autophosphorylation. SGX523 potently reduced the autophosphorylation signal in cells expressing the normal form but had no effect, at concentrations up to 10 μmol/L, in cells expressing the Tyr 1248 Cys form ( Supplementary Fig. S3 ). These results indicate that SGX523 binds and inhibits the MET-KD in cells.
SGX523 was next tested in cell lines derived from human cancers. MET, activated by HGF or by overexpression, stimulates signaling via the MAPK, AKT, and other pathways (2, 5) . In the gastric cancer cell line GTL16, MET gene amplification leads to constitutive signaling, which is abolished by SGX523 (Fig. 3A) . The IC 50 value for the inhibition of MET autophosphorylation was 0.040 μmol/L in GTL16 cells (Supplementary Fig. S4 ). SGX523 also abrogates HGFinduced signaling in A549 lung cancer cells (Fig. 3B) , with an IC 50 value of 0.012 μmol/L for the inhibition of MET autophosphorylation. An indirect reduction of levels of total protein cannot explain this decrease. As shown in Supplementary Fig. S5 , brief (1 h) exposure to SGX523 inhibits MET autophosphorylation without affecting total MET or extracellular signal-regulated kinase protein levels. Longer exposure to SGX523 is associated with increased levels of total MET presumably due to relief from negative feedback regulation (data not shown). At 1 μmol/L, SGX523 had no effect on signaling events stimulated by macrophagestimulating protein, the RON ligand (Fig. 3C) , nor signaling by eight other protein kinases (data not shown).
The proliferation of gastric and lung cancer cells with amplification of the MET gene, but not cell lines with normal MET gene copy number, is sensitive to MET-directed RNA interference and multitargeted MET kinase inhibitors (31, 32) . SGX523 inhibits the growth of gastric and lung cancer cell lines with amplification of the MET gene but has no effect, even at high micromolar concentration, on cell lines with normal MET gene copy number (Supplementary Table S3 ). These results suggest that tumors with MET amplification may respond to exquisitely selective MET kinase inhibitor drugs.
SGX523 also potently inhibited HGF-dependent motility. HGF has been shown to dissociate and scatter epithelial cell aggregates (33) . SGX523 prevented HGF-induced scattering of MDCK canine kidney epithelial cells (Fig. 4A ) and prevented HGF-promoted migration across a gap artificially introduced in a monolayer of A549 lung carcinoma cells (Fig. 4B) .
SGX523 Inhibits MET-Dependent Tumor Growth Human GTL16 gastric cancer cells, which exhibit MET gene amplification, form tumors in mice. As shown in Fig. 5A , SGX523 significantly retards the growth of preestablished GTL16 tumors when administered orally at doses of ≥10 mg/kg twice daily. Inhibition of MET catalytic activity was assessed in the same experiment by measuring levels of autophosphorylated MET in the GTL16 tumor lysates after 16 days of oral administration of SGX523 at the doses indicated (Fig. 5B) . As can be seen in comparing Fig.  5A and B, potent inhibition of MET kinase activity was associated with thorough tumor growth inhibition. Interestingly, treatment of mice using a daily schedule of 60 mg/ kg was also highly effective in retarding tumor growth despite incomplete target inhibition through the entire 24 h dosing interval. Xenografts derived from U87MG human glioblastoma cells, which activate MET by an autocrine mechanism (8) , and H441 human lung cancer cells, which express phospho-MET (34) , are sensitive to multitargeted kinase inhibitors (14, 15, 34) . The growth of U87MG tumors is additionally impeded by ribozymes and antibodies directed at HGF (9, 10) or MET (9, 12) . These data suggest that U87MG tumors depend on MET activity for their growth, but biologic agents targeting receptor tyrosine kinases can act via mechanisms other than inhibition of catalysis. To determine whether selective inhibition of MET kinase activity was sufficient to prevent the growth of U87MG-and H441-derived xenografts, SGX523 was administered to nude mice bearing established tumors (Fig. 5C and D) . At a dose of 10 mg/kg administered twice daily, SGX523 potently inhibited U87MG tumor growth; at 30 mg/kg dosed twice daily, SGX523 led to clear regression of U87MG tumors (Fig. 5C ). SGX523, dosed twice daily at 30 mg/kg, also retarded the growth of H441 tumors (Fig. 5D ) with concomitant reduction in tumor MET autophosphorylation levels ( Supplementary Fig. S6 ). Together, these results confirm that specific blockade of MET kinase activity can effectively inhibit the growth of tumors in which MET is activated by distinct mechanisms.
Discussion
We have identified and characterized a novel, potent, ATP-competitive inhibitor of the MET receptor tyrosine kinase. In an extensive survey of >200 human kinases, we have found no other enzyme sensitive to this inhibitor, even at concentrations 3 orders of magnitude over the IC 50 for MET. Analysis of crystal structures of SGX523 bound to the MET-KD revealed an unusual conformation that has not been observed in any other protein kinase and suggested that an important contribution to the binding affinity derives from Tyr
1248
. Mutation of Tyr 1248 confirmed the critical contribution of this side chain to SGX523 binding. The few human kinases that have an aromatic side chain at the position equivalent to MET Tyr1248 differ in other regions of the SGX523 binding pocket, which sterically preclude binding to the compound with high affinity. This analysis not only explains the observed selectivity but also suggests that, aside from MET, no human kinase can be potently inhibited by SGX523. Also, these results, combined with the observations that MET catalytic activity tolerates mutation of Tyr 1248 and that mutations affecting this position have been identified in human tumors (28) (29) (30) , suggest that missense mutation at codon 1,248 in the MET gene is a likely mechanism of resistance to inhibitors of the SGX523 class.
The novel mode of protein kinase binding we have detailed here was recently described for two other small molecules that inhibit MET and appear to rely on similar π-π interactions with Tyr 1248 (15, 35) . Bicyclic triazoles, chemically related to SGX523, were also described at a recent meeting (36, 37) . These new compounds, which have not yet been characterized to the same extent as SGX523, may also be highly selective.
SGX523 is one of the most selective, ATP-competitive kinase inhibitors ever described and the most selective small-molecule inhibitor of MET. Devoid of the confounding effects of promiscuous kinase inhibition, SGX523 is an ideal compound for dissecting the role of MET catalytic activity in normal physiology and disease and for guiding the use of MET kinase inhibitors in the treatment of cancer. SGX523 is orally bioavailable in all species tested and thus serves as a useful tool to probe the role of MET in animal models. We used SGX523 to show that tumors derived from human glioblastoma and lung and gastric cancers depend on MET catalytic activity for their growth. Our results suggest that clinical trials of exquisitely selective MET kinase inhibitors should include cancers showing MET activation by amplification or autocrine signaling. Regrettably, a phase I clinical trial to evaluate the safety of SGX523 had to be discontinued due to kidney toxicity. This unexpected effect is thought to have resulted from accumulation of a metabolite in humans, which was not observed at significant levels during animal toxicology studies. The suspect metabolite, which does not inhibit MET, is highly insoluble and may have crystallized in renal tissue. A detailed report of the clinical studies will be the subject of a separate article.
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